T was isolated from a water sample from a rice field at Jamdih, Mau, Uttar Pradesh, India. Colonies of strain JC164 T were brown-yellow and cells were Gram-stain-negative.
17.4±2 % genomic DNA association (based on DNA-DNA hybridization) with Flavobacterium sasangense KCTC 22246 T , Flavobacterium cucumis DSM 18830 T and Flavobacterium cheniae CGMCC 1.6844 T , respectively. The distinct genomic difference and morphological, physiological and chemotaxonomic differences from the previously described taxa support the classification of strain JC164
T as a representative of a novel species of the genus Flavobacterium, for which the name Flavobacterium aquaticum sp. nov. is proposed. The type strain is JC164 T (5KCTC 32196 T 5CGMCC 1.123985LMG 27251 T ).
The genus Flavobacterium belongs to the family Flavobacteriaceae in the phylum Bacteroidetes. Members of this genus have been isolated from diverse habitats which include marine/fresh water, earthworm gut, soils and sediments (McCammon & Bowman, 2000; Aslam et al., 2005; Cousin et al., 2007) , while a few species are pathogenic (Wakabayashi et al., 1989; Bernardet & Bowman, 2006) . Members of the genus Flavobacterium are characterized as non-glucose-fermenting, mostly non-motile, carotenoidand/or flexirubin pigment-producing and generally catalaseand oxidase-positive (Kaur et al., 2012) . At the time of writing there are 91 species with validly published names (http://www.bacterio.net/f/flavobacterium.html) in the genus Flavobacterium and eight are in press, which include, Flavobacterium tilapiae , Flavobacterium enshiense , Flavobacterium fontis , Flavobacterium aciduliphilum , Flavobacterium anatoliense (Kacagan et al., 2013) , Flavobacterium noncentrifugens (Zhu et al., 2013) , Flavobacterium squillarum and Flavobacterium nitratireducens (Nupur et al., 2013) . There are six descriptions from India, which include; Flavobacterium nitratireducens (Nupur et al., 2013) , Flavobacterium rakeshii (Kaur et al., 2012) , Flavobacterium indicum (Saha & Chakrabarti, 2006) , Flavobacterium ummariense (Lata et al., 2012) , Flavobacterium glycines (Madhaiyan et al., 2010) and Flavobacterium lindanitolerans (Jit et al., 2008) .
Strain JC164
T was isolated from a water sample collected from a rice field at Jamdih, Mau, Uttar Pradesh, India (GPS position of the sample collection; 26 u 79 460 N and 83 u 349 560 E) on 6 March 2012. A 1 ml sample of water was serially diluted up to 10 24 dilution and 100 ml was spread on a growth medium described previously (Subhash et al., 2013) . Purification was done by repeated streaking on agar plates and the purified culture was preserved as glycerol stock (50 % at 270 u C in growth medium described by Subhash et al., 2013) and lyophilization. Purified cultures were grown with shaking (160 r.p.m.) for chemoheterotrophic growth. For routine culturing and for physiological tests, strain JC164
T was grown at pH 8.0 and at 30 u C in the growth medium mentioned above.
Genomic DNA was extracted and purified according to the method of Marmur (1961) and the G+C content of the DNA as determined by HPLC (Mesbah et al., 1989 ) was 39.6 mol%. Well grown isolated colonies were used for PCR analysis. Primers 59-GTTTGATCCTGGCTCAG-39 and 59-TACCTTGTTACGACTTCA-39 (Escherichia coli positions 11-27 and 1489-1506, respectively) were used for complete sequencing of the 16S rRNA gene as described previously (Shalem Raj et al., 2012) . Identification of phylogenetic neighbours and calculation of pair-wise 16S rRNA gene sequence similarity were achieved using EzTaxon-e BLAST analysis (Kim et al., 2012) . Ez-Taxon-e BLAST analysis of a 1371 bp length of the 16S rRNA gene indicated that strain JC164
T is phylogenetically related to the members of the genus Flavobacterium with its closest relatives being Flavobacterium sasangense YC6274 T (98.5 %), Flavobacterium cucumis R2A45-3 T (98.1 %), Flavobacterium cheniae NJ-26 T (97.2 %) and with ,95.1 % similarity with other members of the genus Flavobacterium.
The CLUSTAL W algorithm of MEGA 4 was used for sequence alignments and MEGA 4 (Tamura et al., 2007) software was used for phylogenetic analysis. Distances were calculated by using the Kimura two-parameter (Kimura, 1980) correction in a pair wise deletion procedure. Neighbour-joining (NJ) and minimum-evolution (ME) methods in the MEGA 4 software were used to reconstruct phylogenetic trees.
Percentage support values were obtained using a bootstrap procedure with 1000 resampling. Strain JC164 T clusters among the members of the family Flavobacteriaceae (Fig. 1 for the NJ tree; while the tree topology was similar with ME) and the sequence similarities between strain JC164 T and its closest phylogenetic neighbours are in agreement with the Ez-Taxon-e BLAST search analysis.
The taxonomic relationship between strain JC164
T and Flavobacterium sasangense KCTC 22246 T , Flavobacterium cucumis DSM 18830
T and Flavobacterium cheniae CGMCC 1.6844
T was examined using DNA-DNA hybridization as previously described (Chakravarthy et al., 2012) . Strain JC164 T has reassociation (based on DNA-DNA hybridization) values of 12.5±2, 13.6±1 and 17.4±2 % with these strains, respectively. Based on the genome relatedness, strain JC164
T represents a novel species according to recommendations for delineating a bacterial species (Stackebrandt and Goebel, 1994 Morphological properties (cell shape, cell division, cell size, flagella) were observed under a model BH-2 phase-contrast light microscope (Olympus). Cells of strains JC164
T are rod-shaped, 0.4-0.5 mm wide and 2.0-3.0 mm long ( Fig. S1 available in IJSEM Online). Cell division occurs by binary fission. Flagellar motility was not observed under the microscope and was also confirmed using the hanging drop method (E. coli was used as a positive control). Strain JC164 T grows chemoorganoheterotrophically; fermentative and chemolithoautotrophic growth could not be demonstrated. Salt tolerance tests were carried out using different concentrations of NaCl. Growth was measured turbidometrically at 540 nm in a colorimeter (Systronics). NaCl is not obligatory for growth of strain JC164
T , which can tolerate only up to 0.5 %. Buffered medium (K 2 HPO 4 /KH 2 PO 4 buffer for pH 5-8 and NaHCO 3 /NaOH buffer for pH 9-11) was used for growth at different pH. Growth of strain JC164
T occurs from pH 6.5 to pH 10 with an optimum between pH 7.5 and pH 8.5. Strain JC165
T is a mesophile. Utilization of organic substrates were tested using basal medium for testing organic substrates described previously (Subhash et al., 2013) and the substrates were added at a concentration of 0.1 % (w/v) and pH adjusted to 8.0 with 1 M NaOH. Various substrates which support growth of strain JC164
T are described in the species description and the differences from other strains are given in Table 1 . Vitamin requirements were tested by replacing yeast extract with single vitamins and combinations of vitamins as growth factors as described previously (Srinivas et al., 2007) and strain JC164
T was found not to require vitamins for growth.
Various biochemical tests such as nitrate reduction, hydrolysis of starch and gelatin, chitinase, urease oxidase and catalase activity, acid production from carbohydrates (D-glucose, D-fructose, L-fucose, rhamnose, D-galactose and cellobiose) were carried out in the prescribed media as described by Cappuccino & Sherman (1999) . Casein was hydrolysed but gelatin was not liquefied by strain JC164 T .
T was positive for catalase, oxidase and amylase. The strain was negative for urease, chitinase and denitrification activity. Antibiotic sensitivity of the strain was tested using antibiotic discs (HiMedia) containing the following antibiotics (mg): chloramphenicol (10), gentamicin (120), kanamycin (30), nalidixic acid (30), penicillin-G (10), streptomycin (10), vancomycin (30) and tetracycline (30). Effects of the antibiotics on cell growth were assessed as zone of inhibition and compared according to the instructions of the manufacturer (HiMedia; http://www. himedialabs.com/HML/Pages/default.aspx) for susceptibility testing. Strain JC164 T , is sensitive to the following antibiotics (mg): chloramphenicol (10), gentamicin (120), nalidixic acid (30), streptomycin (10) and vancomycin (30) but resistant to penicillin G (10) and kanamycin (30).
In vivo absorption spectra were measured with a Genesys 2 spectrophotometer (Spectronic) using a sucrose solution for cell suspension (Trüper & Pfennig, 1981) . Whole-cell absorption spectra of strain JC164
T showed absorption maxima at 300, 350 and 450 nm confirming the presence of carotenoides. Carotenoid composition as determined by C 18 -HPLC analysis (Venkata Ramana et al., 2010) indicated the presence of b-carotene (18 mol%) and eight unidentified carotenoids (Fig. S2) . Production of flexirubin-type pigments was investigated using KOH according to the minimal standards for the description of new taxa in the family Flavobacteriaceae (Bernardet et al., 2002) . Flexirubin-type pigments were absent in strain JC164 T .
For cellular fatty acids, cells grown with shaking were harvested at exponential growth phase, representing around 70 % of its maximal optical density (100 %5OD 540 0.8) and the lyophilized pellet was used for analysis. Cellular fatty acids were methylated, separated and identified according to the instructions for the Microbial Identification System (MIDI 6.0 version; Agilent: 6850; peak identification was done based on the RTSBA6 database) [Sasser (1990) ; revised at http://www. midi-inc.com]. The peaks obtained were labelled and the equivalent chain-length (ECL) values were computed by the Sherlock software. Whole-cell fatty acid analysis revealed that iso-C 15 : 0 , iso-C 16 : 0 , iso-C 15 : 1 G, iso-C 15 : 0 3-OH, iso-C 14 : 0 and iso-C 17 : 1 v9c are the predominant fatty acids with minor amounts of iso-C 16 : 0 3-OH, anteiso-C 15 : 0 , C 16 : 0 , iso-C 16 : 1 H, iso-C 14 : 0 3-OH and iso-C 13 : 0 in strain JC164
T (Table 1) . Strain JC164 T differs from its nearest phylogenetic neighbours by the absence of iso-C 17 : 0 3-OH.
The polar lipids profile was analysed by extracting polar lipids with methanol/chloroform/saline (2 : 1 : 0.8, by vol.) from 1 g freeze-dried cells as described by Kates (1986) . Separation and identification of lipids was done by twodimensional chromatography on a silica gel TLC plate (Kieselgel 60 F254; Merck) as described previously (Shalem Raj et al., 2012) . Phosphatidylethanolamine (PE) and unidentified lipids (L1, L3 and L6) are the major polar lipids of strain JC164 T (Fig. S3 ). Minor amounts of unidentified lipids (L2, L4, L5, L7 and L8) were also detected. Polar lipids of strain JC164
T differ from those of the most closely related type strains by the presence of unidentified lipids (L2, L4 and L5), unidentified aminolipids (AL1 and AL2) and unidentified amniophospholipids (APL1 and APL2) (Fig. S3 ). MK-6 was the major respiratory quinone of strain JC164
T as analysed by HPLC after extraction with a chloroform/methanol (2 : 1, v/v) mixture and purified by TLC (Imhoff, 1984; .
Hopanoids were extracted according to the protocol of Rohmer et al. (1984) and were separated on silica gel TLC plates (Kieselgel 60 F254; Merck) using double development with dichloromethane. The total hopanoid profile was detected by spraying with 0.1 % solution of barberine chlorohydrate in ethanol and visualizing the plates at 366 nm (Rohmer et al. 1984) . Hopanoids were identified by eluting the spots using dichloromethane and derivatized with benzoyl chloride according to the method of Barrow Flavobacterium aquaticum sp. nov. . Characterization of all the strains was done at the authors' laboratory under identical conditions. L2, L4, L5, L7, L8 and L9, unidentified polar lipids; AL1 and AL2 unidentified aminolipids; APL1 and APL2 unidentified aminophospholipids; BHD2, bacteriohopane derivative two; UH1 and UH2 unidentified hopanoids; R, resistant; S, sensitive; +, present/utilized; 2, absent/not utilized. Common to all taxa are: susceptibility to chloramphenicol, tetracycline, streptomycin, nalidixic acid and vancomycin; absence of flexirubin type pigments, urease and chitinase activity, acid production from carbohydrates and nitrate reduction; and presence of starch hydrolysis. Chuck (1990) . The benzoylated derivatives were identified by LC-MS/MS using a C18 column (Phenomenex; 150 mm64.6 mm) with flow rate 0.4 ml min 21 using the following solvent system: A (acetonitrile) and B (0.1 % acetic acid in 80 % methanol). Separation was started using 40 % of solvent A and in 15 min it reached to 98 %. In the next 13.5 min it reached to 100 %. LC-MS/MS was performed using Q-TOF mass spectrometer (6500, Agilent) with an electrospray ionisation probe which was operated in positive ion mode (auxiliary gas flow, 10 ml min T in the absence of bacteriohopane derivative 2 (BHD2) and unidentified hopanes (UH1 and UH2) (Fig. S4) .
The major polar lipids (Fig. S3), hopanoids (Fig. S4) T ) particularly with respect to lack of gelatinase activity, growth temperature range, NaCl tolerance range, growth pH range, tolerance to penicillin and susceptibility to gentamicin, the presence of high levels of iso-C 15 : 0 absence of bacteriohopane derivative 2 (BHD2), presence of unidentified aminolipids (AL1 and AL2), aminophospholipids (APL1 and APL2) and relatively high genomic G+C content. Based on morphological, physiological, chemotaxonomic and genotypic differences, we propose a novel species to accommodate strain JC164 T , with the name Flavobacterium aquaticum sp. nov.
Description of Flavobacterium aquaticum sp. nov.
Flavobacterium aquaticum (a.qua9ti.cum. L. neut. adj. aquaticum living, growing, or found in or by the water, aquatic).
Colonies appear smooth, circular and brown-yellow in colour. Cells are small rods, Gram-stain-negative, 0.3-0.4 mm wide and 2.0-3.0 mm long. Cells are non-motile and multiply by binary fission. Mesophilic. NaCl is not required for growth and up to 0.5 % is tolerated. The brown-yellow colour is due to the presence of b-carotene and a few unidentified carotenoids. Growth optimum is at pH 7.5-8.5 (range: 6.5-10). Catalase-, oxidase-and amylase-positive. Chitinase, urease, gelatinase and denitrification are absent. Flexirubin type pigments are absent. Good growth occurs with L-rhamnose, D-galactose, Dglucose, acetate, D-fructose, D-mannitol, lactose, D-mannose, sucrose, pyruvate and L-aspartic acid. Growth does not occur with L-fucose, cellobiose, D-sorbitol or glutamate. Does not produce acid from D-glucose, D-fructose, Lfucose, rhamnose, D-galactose and cellobiose. Ammonium salts are used as a source of nitrogen. Sensitive to chloramphenicol, gentamicin, nalidixic acid, streptomycin, tetracycline and vancomycin, but resistant to penicillin G and kanamycin. iso-C 15 : 0 , iso-C 16 : 0 , iso-C 15 : 1 G, iso-C 15 : 0 3-OH, iso-C 14 : 0 and iso-C 17 : 1 v9c are the predominant fatty acids with minor amounts of iso-C 16 : 0 3-OH, anteiso-C 15 : 0, C 16 : 0, iso-C 16 : 1 H, iso-C 14 : 0 3-OH and iso-C 13 : 0 . Phosphatidylethanolamine and a few unidentified lipids (L1, L3 and L6) are the major polar lipids. Major hopanoids are bacterial hopane derivative 1 (BHD1) and diplopterol (DPL).
The type strain is JC164 T (5KCTC 32196 T 5CGMCC 1.123985LMG 27251 T ) isolated from Jamdih, Mau, Uttar Pradesh, India. The G+C content of genomic DNA of the type strain is 39.6 % (by HPLC).
